Environmental and genetic factors affecting prevalences of antibodies to bovine leukosis virus and bovine immunodeficiency-like virus were studied on 137 periparturient Holstein cows selected for milk production. Environmental effects were obtained by logistic regression, and genetic parameters were determined using threshold animal models. Cows selected for high predicted transmitting ability for kilograms of milk fat plus protein had the highest prevalence of antibodies to bovine immunodeficiency-like virus and the
INTRODUCTION

Bovine leukosis virus
(BLV) and bovine immunodeficiency-like virus (BIV) are both retroviruses. The natural spread of BLV infection among cattle occurs predominantly by horizontal transmission through transfer of infected blood lymphocytes (7) . Between 30 and 70% of cows infected with BLV develop persistent lymphocytosis that is attributable to proliferation of virus-infected B cells (1 1). After a variable period of lymphocytosis, .l to 5% of seropositive cattle and 10 to 50% of lymphocytotic cattle develop lymphosarcoma (3). "he humoral and cellular immune responses have been hypothesized to be impaired in cows infected with BLV (3), although we (12) have not observed significant effects on various immune parameters of naturally infected cows. Lewin et al. (13) reported that seroconversion to the viral envelope protein gp51, proliferation of virus-infected B cells, and lymphosarcoma are associated with particular antigenic types of the bovine major histocompatibility complex or bovine lymphocyte antigen (BOLA).
Specific antibodies to BIV are detected 2 to 3 wk after experimental inoculation (19) . The BIV persists indefinitely in infected hosts and may cause persistent lymphocytosis, lymphadenopathy, central nervous system lesions, weakness, and emaciation after prolonged incubation periods (months or years) (18) . For calves, Carpenter et al. (4) observed follicular hyperplasia in lymph nodes, hemal nodes, and spleen as well as an increased number of lymphocytes in peripheral blood within 6 wk following experimental infection with BIV. These changes are similar to early stage alterations of lymph nodes of patients infected with human immunodeficiency virus type-l. The purpose of this study was to estimate genetic variability of prevalence of viral infections caused by BLV, BIV, or both for a research dairy herd.
MATERIALS AND METHODS
Cows and Experlmental Design
Periparturient Holstein cows (n = 137) from the long-term milk selection experiment of Iowa State University were used in this study. Initially, two selection lines were maintained. Bulls were selected for highest and average PTA of milk for the high and average lines, respectively (2) . In 1986, all cows selected for high and average milk production were randomized into two groups. One group and its progeny were bred to sires selected for high PTA for combined kilograms of fat plus protein. The other group and its progeny were bred for average PTA for fat plus protein. In this experiment, 84 cows were from PTA for fat plus protein, and 53 were from PTA for milk. All cows were managed and fed for production of the high line.
Only cows calving during 1990 or 1991 were included in the study. Two seasons of calving were defined: summer included cows calving between May 1 and October 31, and winter included cows calving during the re-mainder of the year. Lactation numbers were defined as 1, 2, 3, and 24.
Retrovlral Infections
The presence of antibodies to BLV and BIV was determined once per cow from serum samples taken around time of calving. The BLV serological status of 124 cows was determined from blood serum samples using a commercial kit (Leuk-Assay B@; Pitman Moore, Inc., Mundelein, L), Antibody to BIV-p26 protein antigen was detected by Western blot 
Statlstlcal Analyses
First, effects of genetic line, season of calving, and parity on occurrence of antibodies to BLV or BIV were studied (phenotypic models). Next, breeding values were computed (genetic models). Only the effects significantly affecting the occurrence of antibodies with the phenotypic models were included for the genetic models.
Phenotypic Models. The effects of genetic line, season of calving, and parity on 41 and 42 were studied separately with the following model:
where &, = probability that antibodies to BLV (i = 1) or BIV (i = 2) were detected (i = 1) or not (j = 0), bio, bil, biz, bi3 = regression coefficients, X = [X,, X2, X31 = independent variables, and q, = residual error, which is distributed binomially with parameter P(& = j).
For i = 1 or 2, the regression coefficients (b) are interpreted as the rate of change in the probability of being seronegative versus the probability of being seropositive, which is arbitrarily set to 0, when going from one category of independent variable to another (10). To find the most parsimonious model that best fitted the data, independent variables were included one after another in Model
[l] with a forward stepwise procedure (no independent variables were forced in the model). Then, the deviation and Wald statistics (10) were computed for the successive models to determine which independent variable significantly affected the dependent variable. Finally, the backward stepwise procedure was used to verify the results obtained with the forward stepwise procedure. The maximum likelihood estimates of the b parameters in the final Model [2] were obtained using the procedure PROC LOGISTIC of SAS (16) .
Genetic Models. A threshold model postulates that the phenotypic categories (+i = 1 and +i = 0 for i = 1, 2) are related to an underlying normally distributed variable (Yi for i = 1. 2), liability. The liability is determined by environmental and genetic factors acting homogeneously, independently, and additively (8). The value of Y i when +i goes from 0 to 1 is arbitrarily set to 0. In a simulation study of threshold and BLUP animal models, Meijering (14) concluded that threshold models are most advantageous when the heritability is high to moderate, the trait has two to four categories, the data are unbalanced, and the model has several fixed factors with large effects on the underlying liability. Our data fitted this situation well, except that heritabilities were expected to be low. For i = 1 or i = 2, the threshold model was The ei were assumed to be N(0, I g i ) , ui were assumed to be N(0, Ai 4). Ai was the additive genetic relationship matrix between cows and their ancestors, gi was the residual variance, and 4 was the additive genetic variance. Variance components were estimated by the methods of Misztal et al. (15) . Heritabilities were obtained as the ratio of animal variance to total variance.
RESULTS AND DISCUSSION
Bask Statistics
Overall, the prevalence of antibodies to BIV was 10.2%, and prevalence of antibodies to BLV was 1 1.3% ( Table 1) . The prevalence of antibodies to BLV was less than last reported for the present herd. Indeed, the herd was characterized with an average prevalence rate of 20% from 1982 to 1987 (6). Antibodies to BIV were more prevalent than in previous survey reports (9) in which natural prevalence of BIV for US cattle had been estimated at approximately 4%. For some herds, natural mixed infections with BLV and BIV occurred (1) and for others (20), such as our herd, no relationship between BIV and BLV infection occurred (only 1 cow had a dual infection). As shown previously (6, ll), prevalence of antibodies to BLV had a tendency to increase as parity increased (Table 1 ). The lack of a significant effect of parity on the prevalence of antibodies to BLV for this population of cows was probably because of the decreasing number of cows tested with increasing parity number.
Phenotypic Models
Only genetic line had a significant (P < .05) effect on probability of cows having antibodies to BLV or BIV (Table 2) ; the absence of a parity effect might be attributable to the decreasing number of cows tested with increasing parity number. The odds of cows being BLV seropositive were 8.41 (= e2.13) times lower in the line selected for high PTA for fat plus protein than for the line selected for average PTA for milk. Possible explanations for this difference are that cows with high PTA for fat plus protein were more able to resist BLV infection than were cows with average PTA for milk, that more BLV-seropositive cows were culled in the line selected for high PTA for fat plus protein than in the line selected for average PTA for milk, or that transmission of BLV was easier among cows for average PTA for milk than among cows selected for high PTA for fat plus protein. Resistance to BLV infection has been reported to be under genetic control (13) , high producing cows infected with BLV do not produce the amount of milk and percentage of fat expected from their genetic potential (5, 22) , and prevalence of BLV infection increases with age (6). The odds of a cow bein BIV seropositive ( 
Genetlc Models
Because only 137 cows were used in this study, phenotypic models were first used to determine which environmental factors significantly affected the prevalences of antibodies to BLV and BIV. Only factors with significant effects were included in the genetic models to increase the number of observations per cate-
Heritability estimates were 4% for presence of antibodies to BIV and close to 0 for antibodies to BLV, confirming the important role of the environment in the transmission of these viruses (7, 20) . However, previous studies (13, 17) found that Holstein cows infected with BLV with the class I alleles A* 14 and A*13 of the BOLA complex are relatively more resistant to persistent lymphocytosis because of BLV than cows with alleles A* 12 and A*15. The association of persistent lymphocytosis is more closely associated with class 1 1 genes DRB2 than with the class I A*14 allele (18) .
Our heritability estimates may be underestimated, however, if there is some genetic correlation between milk productivity and genetic susceptibility to BLV or BIV infection. Indeed, part of the genetic variability in the susceptibility to BLV or BIV infection was explained by the effect of genetic line for the genetic model (Model [2] ).
From this study, we conclude that environment plays an important role in the transmission of BIV and BLV. However, different factors influenced the transmission of both viruses in our herd: 1) prevalence of antibodies 
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'Coefficient for each variable regressed on each antibody prevalence. 2Lines selected for high and average PTA for combined kilograms fat plus protein (FP). 3The coefficient of regression is interpreted as follows: the odds of being seropositive was e&* higher among high PTA-FP than among average PTA milk cows (P S .05).
"Li ne selected for high PTA for
milk. 5Line selected for average PTA for milk.
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to BLV had a tendency to increase as parity increased, but no such trend was observed for prevalence of antibodies to BIV; and 2) cows selected for high PTA for fat plus protein had the lowest odds of being seropositive for BLV and the highest odds of being seropositive for BIV compared with the other genetic lines.
